CuZn-SOD deficiency, rather than overexpression, is associated with enhanced recovery and attenuated activation of NF-kappaB after brain trauma in mice.
Superoxide-dismutases (SOD) catalyze O2- conversion to hydrogen peroxide (H2O2) and with other antioxidant enzymes and low molecular weight antioxidants (LMWA) constitute endogenous defense mechanisms. We first assessed the effects of SOD1 levels on outcome after closed head injury (CHI) and later, based on these results, the effects of SOD1 deficiency on cellular redox homeostasis. Superoxide-dismutase 1-deficient (SOD1-/-) and -overexpressing (transgenic (Tg)) mice and matched wild-type (WT) controls were subjected to CHI and outcome (neurobehavioral and memory functions) was assessed during 14 days. Brain edema, LMWA, and SOD2 activity were measured along with histopathological analysis. Transactivation of nuclear factor-kappa B (NF-kappaB) was evaluated by electromobility shift assay. Mortality, motor, and cognitive outcome of Tg and WT mice were comparable. Mortality and edema were similar in SOD1-/- and WT mice, yet, unexpectedly, SOD1-/- displayed better neurobehavioral recovery (P<0.05) at 14 days after CHI. Basal LMWA were higher in the cortex and liver of SOD1-/- mice (P<0.05) and similar to WT in the cerebellum. Five minutes after CHI, cortical LMWA decreased only in SOD1-/- mice. One week after CHI, SOD2 activity decreased fourfold in WT cortex (P<0.001), but was preserved in the SOD1-/-. Constitutive NF-kappaB transactivation was comparably low in SOD1-/- and WT; however, CHI induced a robust NF-kappaB activation that was absent in SOD1-/- cortices (P<0.005 versus WT). At the same time, immunohistochemical analysis of brain sections revealed that astrogliosis and neurodegeneration were of lesser severity in SOD1-/- mice. We suggest that SOD1 deficiency impairs H2O2-mediated activation of NF-kappaB, decreasing death-promoting signals, and leading to better outcome.